Substituted vinylbenzotriazoles were efficiently converted to benzotriazolyl epoxides by dimethyldioxirane. The behavior of these epoxides toward nucleophiles and strong bases was investigated.
Introduction
A recent study demonstrated the dimethyldioxirane (DMD) conversion of 1alkylbenzotriazoles into 3-alkylbenzotriazole 1-oxides. 1 We now report the efficient and almost quantitative low temperature epoxidation of vinylbenzotriazoles by dimethyldioxirane together with some reactions of the epoxides formed. Compounds 1a-d reacted with DMD exclusively at the C=C bond to give epoxides, but not at the N-3 atom of the benzotriazole ring. This can be explained by the relative energies of the two MO's localized mainly on the C=C bond and on the N-3 atom.
According to a study of the electronic structure of 1-vinyl-1H-benzotriazoles, 10 the energy of the MO of the C=C bond is higher than that of those localized on N-3. The order of these two MOs here is reversed compared to that of 1-allylbenzotriazole, which is oxidized to the 3-N-oxides. 1 The stereochemistry of the olefins was preserved during oxidations below 0 o C: trans-olefins 1c and 1d gave trans-epoxides 2c and 2d, respectively. The trans-stereochemistry of the epoxides 2c and 2d was deduced from the vicinal coupling constant (1.5 Hz or less) that is in agreement with the literature data for J values (0−1.7 Hz) for 1-aryl-2-phenyl epoxides. 11 In the 1 H NMR spectrum of 2c, the α-H (with respect to Bt) appeared as a doublet at δ 5.44 with a coupling constant of 1.2 Hz, while the β-H appeared as a doublet of quartets at δ 4.24 (J = 1.2 and 5.4 Hz), and the methyl group appeared as a doublet at δ 1.60 (J = 5.4 Hz). In the 1 H NMR spectrum of 2d, two epoxide protons were observed at δ 5.11 and 5.69 ppm as doublets with a coupling constant of 1.5 Hz.
A mixture of the cis (40%) and trans (60%) isomers of 1d reacted with 1.5 equiv of DMD to
give three isolated products: the trans-epoxide 2d (52%), the cis-epoxide 4 (28%) and the 1,3-dioxolane 5 (1.4%) (Scheme 1). The cis-stereochemistry of 4 was confirmed by the 1 H NMR spectrum, in which two doublets of integral intensity of 1H were observed at δ 5.82 (J = 2.6 Hz) and 4.58 (J = 2.6 Hz). In the 1 H NMR spectrum of 5, two methyl groups appeared as singlets at δ Treatment of the simplest benzotriazolyl epoxide 2a with LDA at −78 ºC, followed by the addition of MeI failed to give any coupling product. When Me 3 SiCl was used at −116 ºC, the anion generated in situ from 2a by LDA, was captured to give the expected product 6 in 30% isolated yield. This proved the formation of an oxiranyllithium species that is stabilized by benzotriazole. Treatment of epoxide 2d with fresh LDA at -116 ºC, followed by the immediate addition of electrophile PhCH 2 Br, afforded epoxide 8 in 51% yield along with the rearranged product 11 (Scheme 2). The generation of oxiranyllithium 7 from 2d by LDA is very fast at -116 o C, which is stable at and below this temperature for about 5 to 20 minutes. As the temperature goes above -110 o C, the anion starts to undergo rearrangement to give compound 11, which is the major product when the LDA is not freshly prepared. The rearrangement product 11 was the only product, when 2d was treated with LDA at −116 ºC, and allowed to warm up to 20 ºC. The oxiranyllithium 7 reacts with a strong electrophile p-toluoyl chloride to
give coupling product 9 in 56% yield; it also reacts with a hindered ketone, benzophenone, to
give oxiranyl alcohol 10 in 52% yield, as shown in Table 2 . were prepared according to previously reported procedures. 18 Dimethyldioxirane solutions were prepared as described previously.
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General procedure for the oxidation of vinylbenzotriazoles 1a-d 
2-(Benzotriazol-1-yl)oxirane (2a).
Beige Procedure for oxidation of vinylbenzotriazole (1e) 1e
(1.5 g, 5.04 mmol) was dissolved in dimethyldioxirane solution in dichloromethane (0.22 M, 28 mL, 6.05 mmol) and kept at 0 o C. After 18 h, the solvent was removed and another portion of DMD (4.0 mmol, 16 mL, 0.27 M) was added. After another 12 hours, the solvent was removed to give a yellow oil. The product was purified by column chromatography using diethyl ether and pentane to give 2e and 3.
2-(Benzotriazol-1-yl)-2,3-diphenyloxirane (2e).
White 
2-(Benzotriazol-1-yl-3-oxide)-2,3-diphenyloxirane (3).
General procedure for the lithiation of 2-(benzotriazol-1-yl)oxiranes (2a and 2d)
Oxirane 2 (1.5 mmol) was placed in an oven dried flask under argon, dissolved in dry THF (10 mL), dry diethyl ether (10 mL) was added as a co-solvent, and the reaction mixture was cooled to -116 o C with stirring. To this, 1.1 equiv of LDA (fresh) was added dropwise, and immediately after, an electrophile (1.65 mmol) was added dropwise. The reaction mixture was allowed to warm up to room temperature and quenched with water. The reaction mixture was extracted with CH 2 Cl 2 , dried over MgSO 4 , and concentrated to give a brown oil, which was purified by column chromatography on silica gel using diethyl ether and pentane.
2-(Benzotriazol-1-yl)-2-trimethylsilyloxirane (6).
Yellow oil (30%); 4 , and concentrated to give brown oil. The product was purified by column chromatography on silica gel to give 1-hydroxy-1,3-diphenylpropan-2-one 12 in 50%
yield.
